typical protocol, the cartridge was washed with acetonitrile and then with demineralized
water. An aqueous solution of the crude product of the activation reaction (50 µL for 15 mg of crude monomer) was loaded on the cartridge, washed with aqueous NaCl solution (1 M, 10 mL) and the product eluted with a gradient of acetonitrile (0% to 20%) in H 2 O at ambient pressure. Fractions of 1.5 mL were collected and those fractions containing pure activated monomer were lyophilized and stored under argon at -20 °C prior to NMR titration or extension assays.
Analytical Data for Activated Nucleotides
OAt-dAMP (2a) NMR Spectra Figure S1 . 31 P-NMR spectrum (121.5 MHz, D 2 O) of OAt-dAMP (2a).
[S1] Figure S2 . 31 P-NMR spectrum (121.5 MHz, D 2 O) of OAt-dCMP (2c).
[S1] Figure S3 . 31 P-NMR spectrum (161.9 MHz, D 2 O) of OAt-dGMP (2g).
[S1] Figure S4 . 31 P-NMR spectrum (121.5 MHz, D 2 O) of OAt-dTMP (2t).
[S1] Figure S5 .
31 P-NMR spectrum (161.9 MHz, D 2 O) of OAt-AMP (5a); see ref. [S7] for data in a different solvent.
Figure S6.
31 P-NMR spectrum (161.9 MHz, D 2 O) of OAt-CMP (5c); see ref. [S7] for data in a different solvent. 
Kinetics of the Hydrolysis of Monomers
The kinetics of the hydrolysis of MeIm-activated deoxynucleotides (3a-t) were measured by 31 P-NMR, according to the procedure described in the literature for OAt-dNMPs. [S2] Each
MeIm-dNMP (3a-t) was dissolved in HEPES buffer (200 mM, NaCl 400 mM, MgCl 2 80 mM) in D 2 O (600 µL) at pH 7.0, uncorrected for deuterium effect, to reach a final concentration of 60 mM of the monomer. The solutions were then analyzed by 31 P-NMR at 121.5 MHz with a relaxation time of 10 s. The time course of the conversion of the activated species to the free nucleotide was fitted by using the following equation for monoexponential decay:
where y is the fraction of activated species left, k hydr is the rate constant of hydrolysis, and y 0 is the maximum conversion of activated monomer at infinite reaction time, as obtained by fitting. Figure S19 . UV-Melting curves of RNA hairpins 8a (left, 8 µM strand concentration) and 8c (right, 13 µM strand concentration) in the buffer used for titrations (200 mM phosphate, 400 mM NaCl, 80 mM MgCl 2 , pH 7.0), measured at 260 nm with a heating rate of 1 °C/min. The melting points, as obtained from the maximum of the first derivative, are 36 °C for 8a and 36 °C for 8c. Because folding is a unimolecular process, the melting point is independent of concentration, so that the melting curve results are also relevant for NMR-monitored titrations with the hairpins thus characterized.
NMR-Monitored Titration

UV-Melting Analysis of Hairpins
Titrations. NMR titration experiments were performed using the procedure described in reference [S2] , using phosphate buffer (200 mM, NaCl 400 mM, MgCl 2 80 mM) at pH 7.0 or 8.9. A pH of 7.0 was used for all RNA monomers to suppress extension of the RNA hairpin.
To the solution of the hairpin oligonucleotide were added aliquots of the nucleotide solution.
The resulting solution was centrifuged in a set-up with a plastic tube surrounding the glass tube (2 min, 25 g) to remove any residual gas bubbles. In the samples, 3-(trimethylsilyl)propionic-2,2,3,3-d 4 acid (TPA, 0.1 mM) was used as internal reference.
Chemical shifts were determined graphically from the centers of peaks. Dissociation constants K d s were calculated using:
δmax is the maximal absolute value of the shift of the signal, x is the concentration of the monomer, δshift is the actual displacement of the chemical shift of the signal in question, and
DNA Hairpin 7a
a) b) 
Primer Extension Assays
The protocol for primer extensions was adapted from that given in reference [S5] . Assays were performed in a final volume of 10 µL. For DNA, a mixture of 3'-aminoprimer 10 (36 µM) and DNA template (9a-t) (54 µM, 1.5 eq) was annealed by heating to 60 °C for 5 min in HEPES buffer (200 mM, NaCl 400 mM, MgCl 2 80mM) and then slowly cooling to 20°C. Assays were performed at pH 7.0 for MeIm-dNMP (3a-t) and at pH 8.9 for OAt-dNMP (2a-t). For RNA, a duplex of primer 13 (36 µM) and template (12a-u) (36 µM) was used. Assays with MeIm-NMP (6a-u) were performed at pH 7.7 and assays with OAt-NMP (5a-u) were run at pH 8.9. Assays were at different concentrations of an activated monomer were run in parallel.
Assays were run over a period 24-72 h (5 days for RNA), depending on the monomer concentration and the rate of the reaction. Kinetic rates were obtained by fitting with a monoexponential model [S5] to obtain k' values using the following equation :
where P 2 is the fraction of extended primer at time t, k is the pseudo-first order rate constant and y 0 is the maximum conversion at infinite time obtained by fitting.
Mathematical Model for Primer Extension
The model used was adapted from previous work. [S2] The following scheme shows the equations used.
Here, M is the activated monomer, M h the hydrolyzed monomer (free nucleotide), P 1 the primer:template complex, M (h) ..P 1 the non-covalent complex of free nucleotide and primertemplate duplex, M-P 1 is the covalent intermediate of the extension reaction, and P 2 is the product of the reaction (extended primer, bound to the template). The dissociation constants K d and K dh are for the complexes of activated monomer and free monomer to the primer:template complex, respectively. The kinetic constant for the hydrolysis of activated monomers (k hydr ) was assumed to be independent of the presence or absence of the primer:template complex. The rate constant k cov is as the rate of the formation of the covalent step(s) of the extension reaction. The initial phase of a reaction (reaction time < 1/5 of t 1/2 of hydrolysis of monomer), during which the concentration of hydrolyzed monomer is negligible, was used to determine the k cov values, using a monoexponential model (Equation
S3
).
k cov was determined as following:
with the fraction of binding site occupied by the monomer given as
The kinetic and thermodynamic constants were then entered into the following equations :
For a full description of the model equation, see reference [S2] . ) at 3.6 mM OAt-dAMP, with k cov =3.24 h -1 . c) Template 9c and the following concentrations of (OAt-dGMP) 2g; red 3.6 mM, blue 1.8 mM, green 0.9 mM and pink 0.18 mM. Values used for the simulation: K d = 26 mM; K dinh = 27 mM; k hydr = 0.093 h -1 . The dashed black line is for a hypothetical reaction without inhibition (k = 0.84 h -1 ) at 3.6 mM OAt-dGMP, with k cov = 8.61 h -1 . d) Template 9g and the following concentrations of (OAt-dCMP) 2c; red 3.6 mM, blue 1.8 mM, green 0.36 mM and pink 0.18 mM. Values used for the simulation: K d = 25 mM; K dinh = 34 mM; k hydr = 0.087 h -1 ; broken black line for a hypothetical reaction without inhibition (k = 1.25 h -1 ) at 3.6 mM OAt-dCMP, with k cov = 9.9 h -1 . . Note that the same value of k cov was used here for the simulation, using initial rate for the highest monomer concentration. a) Template 9a and the following concentrations of (MeIm-dTMP) 3t; red 14.4 mM, blue 7.2 mM, green 3.6 mM and pink 1. . The dashed black line is for a hypothetical reaction without inhibition for (k = 0.037 h -1 ) at 5 mM MeIm-dAMP, with k cov =0.31 h -1 . c) Template 9c and the following concentrations of (MeIm-dGMP) 3g; red 3.6 mM, blue 1.8 mM, green 0.36 mM and pink 0.09 mM. Values used for the simulation: K d = 25 mM; K dinh = 27 mM; k hydr = 0.025 h -1 . The dashed black line is for a hypothetical reaction without inhibition (k = 0.17 h -1 ) at 3.6 mM MeIm-dGMP, with k cov =1.40 h -1 . d) Template 9g and the following concentrations of (MeIm-dCMP) 3c; red 7.2 mM, blue 1.8 mM, green 0.9 mM and pink 0. 
Aminoterminal primer and methylimidazolides
Data for Unpurified Methylimidazolide 3g
Figure S32. 31 P NMR spectrum (121.5 MHz, D 2 O) of MeIm-dGMP (3g) prior to RP18 cartridge purification. The peak at -8.1 ppm corresponds to MeIm-dGMP and that at +3.5 ppm to the hydrolyzed, free nucleotide. The peak at -10.8 ppm is caused by the impurity, which appears to cause kinetics with a 'burst phase' at the beginning of the extension reaction (vide infra). The signal for this impurity gives an integration value of 8% of that of the main product. Assuming that the impurity has the structure shown below, which contains two phosphate groups, this was translated into 4% side product and 96% true methylimidazolide of the reactive species. a) b) Figure S33 . a) Extension of aminoterminal primer 10 (36 µM) on template 9c when unpurified 3g was employed. Filled circles represent experimental values at different concentrations of 3g without chromatographic purification, as obtained by precipitation only. Concentrations of (MeIm-dGMP) 3g used: red 7.2 mM, blue 3.6 mM, green 1.8 mM and pink 0.9 mM. Note biphasic kinetics. b) Hypothetical structure of impurity responsible for the burst phase: an imidazoliumbisphosphate. a rate constant k of 2.9 ×10 4 M -1 h -1 is obtained, which makes the initial phase approx. 600 times faster than the reaction of the purified MeIm-dGMP (3g). We note that this analysis is based on very few data points and that it ignores the contribution of the reaction of the main reactive species that is also present in the solution.
Monoexponential Fit of the
Conformational Search
Calculations were performed using MAESTRO software, version 7.5.106, (Schrödinger Inc.), using the following set-up. For the minimization of the structure without solvent, MMFS was used as force field and the PRGC option for the gradient. Calculations were run without constraints. The fixed convergence threshold was set to 0.02. A fixed energy window of 50 kJ/mol was used, and 1000 steps were applied as limit. To superimpose the structures obatined, an alignment of the carbon atoms 1' and 4' of the ribose rings was used. 
